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I. INTRODUCTION
The use of monetary policy for macroeconomic stabilization in low-income countries, particularly Sub-Saharan Africa (SSA) poses a number of challenges that have not been fully analyzed in a literature focusing mainly on the conduct of monetary policy in industrial countries. While a number of studies have analyzed the sources of inflation in developing countries and SSA (e.g., Loungani and Swagel 2001, and Barnichon and Peiris 2006) , only a few papers have analyzed the trade-offs between alternative monetary policy rules in SSA and low-income countries, in general. 2 The vast literature on "the Science of Monetary Policy" is focused on industrial countries and advanced emerging markets (Clarida, Gali, Gertler 1999, and Taylor 1998) , providing limited insights to the conduct of monetary policy in low-income countries where the characteristics of the economy and monetary policy setting is quite different.
These include the need to coordinate monetary and exchange rate policy with fiscal policy in order to manage large volatile aid inflows and/or government revenues from natural resource exploitation (IMF 2005a) . In particular, economic policy needs to consider the potential adverse effects of such shocks on the tradable sector-the so-called Dutch disease problem 3 -as well as the traditional objectives of inflation and output stabilization. 4 In addition, commercial banks in SSA are at the center of a formal financial system and for most countries the conduct of monetary policy focuses primarily on the supply of and demand for the monetary base (Adam and O'Connell 2005) . As a result, interest rates represent a reliable instrument of monetary policy only in the very few cases where inter-bank money markets and secondary markets for government debt are well developed. Finally, the dominance of commercial banks and information asymmetries are likely to mean that the credit channel is a prominent part of the monetary policy transmission mechanism (Bernanke and Gertler 1995) .
In such an environment, many view the current monetary policy setting in SSA as an interim stage in a move towards wider adoption of formal inflation targeting practices in which inflation (more precisely, expected inflation) is the intermediate target/goal, 5 instead of either some monetary aggregate or the exchange rate, and where the interest rate rather than base money is the operational target (see Adam and O'Connell 2005) . Thus, while elements of this debate will necessarily reflect themes in the current literature on monetary policy in emerging market countries (see IMF 2005b) , the current policy arrangements in mature stabilizers are inflationtargeting frameworks in the broad sense of having the maintenance of a nominal anchor at their core (see Adam and O'Connell 2005) . More precisely, they could be described as "Lite" inflation targeting regimes as in Stone (2003) where the monetary authority probably aim to bring inflation into the single-digits and maintain financial stability, including through a relatively interventionist exchange rate policy. 6 In this respect, therefore, the relevant policy questions are not wholly those concerned with how, and over what horizon, countries may make the move towards formal inflation targeting; they must also include how best the available instruments of monetary policy be deployed in shock prone mature stabilizers (Adam and O'Connell 2005) .
This paper attempts to evaluate monetary policy-tradeoffs in low-income countries using a dynamic stochastic general equilibrium (DSGE) model estimated on data for Mozambique-a mature stabilizer in SSA-taking into account the sources of major exogenous shocks, transmission mechanisms, and level of financial development. The central banks of many SSA countries conduct monetary policy through a combination of direct instruments (e.g. reserve requirements) as well as foreign exchange interventions and open market operations with the private sector that effect the monetary base. Therefore, like Adam and O'Connell (2005) and Buffie et al. (2004) , we analyze the trade-offs of both foreign exchange sales and open market operations in the conduct of monetary policy in Mozambique. We compare three different rules for how the central bank deploys its available instruments. Under the first rule, the central bank stabilizes the exchange rate. The second and third rules assume that the central bank is set to stabilize some measure of inflation around a target. In particular, we consider, firstly, the case where monetary policy seeks to stabilize CPI inflation, secondly, a policy that stabilizes inflation in nontraded goods. To our knowledge this is a first attempt at estimating a DSGE model for SSA excluding South Africa. More generally, we hope to provide a benchmark DSGE model incorporating features of SSA and low-income countries that could serve as a starting point for monetary policy analysis.
In line with the existing literature on the welfare implications of monetary policy, our model is solved using recent methods in computational economics which makes it feasible to compute higher-order approximations to the equilibrium conditions in dynamic general equilibrium models. We also consider the best response, in terms of minimizing macroeconomic volatility, of alternative monetary policy rules in response to foreign aid and numerous other exogenous shocks that are important in SSA, motivated by the interest of central bankers in SSA. To preview our results, both nontradable and CPI inflation targeting performs better than an exchange rate peg, in line with the findings of standard new open-economy macroeconomics (NOEM) models.
The next section will outline the DSGE model in detail. Section III will briefly outline the estimation procedure and discuss the results of the estimation. This will be followed by an evaluation of the response of the model to aid and technology shocks. The analysis will then be extended by considering the performance of different monetary policy rules-including inflation and exchange rate targeting-when the economy is subject to a more larger and more realistic number of shocks. Section V concludes.
II. DSGE MODEL
In this paper, we develop a macroeconomic model for monetary policy analysis in SSA using data for Mozambique. As compared to previous empirical analysis of the Mozambican economy or that matter most SSA countries; we conduct our analysis within the context of a microfounded DSGE model. DSGE models have several benefits which make them attractive for the analysis of macroeconomic policy:
• They are structural in the sense each equation has an economic interpretation. Policy interventions and their transmission mechanism can therefore be clearly identified, thereby facilitating a discussion of alternative policies.
• They are microfounded in the sense that it they explicitly derived from the optimizing behavior of households and firms in the economy. They thus describe the behavior of the agents in the economy in terms of parameters that are structural in the sense that one would not expect them to change as the result of changes in economic policy, thereby validating the analysis of alternative policies.
• They are stochastic in the sense that they explicitly discuss how random shocks, such as an aid shock or a shock to fiscal policy, affect the economy.
• They are forward-looking in the sense that agents optimize form rational, or model consistent, forecasts about the future evolution of the economy.
These characteristics make DSGE models particularly attractive for the purpose of analyzing the effect of alternative macroeconomic policies, for example the appropriate policy response to an aid shock, which helps explain its widespread use among central banks and other policy institutions in OECD countries. This paper represents the first attempt at constructing such a model for Mozambique.
A traditional weakness of DSGE models has been the difficulty in parameterizing them using economic data. This problem is particularly severe in developing countries, such as Mozambique, where data series are short or, in many cases, lacking. In order to overcome this problem, research often resort to calibrating the parameters of the model using information from previous studies or characteristics, such as the volatility of the data. The difficulty of explicitly relating the model to the data seriously undermines its use as a tool for policy analysis.
In order to overcome the problem of the parameterizing the data, this paper makes use of recent advances in Bayesian econometrics. Within this framework, the Kalman filter is used to allow inferences about the unobserved variables in the model and prior empirical or theoretical knowledge about the parameters of interest is used to increase the efficiency of the estimation, thereby overcoming the problem of short data series. These Bayesian inferences has been successfully applied to the estimation of DSGE models by, inter alia Juillard et al. (2004 ) Smets and Wouters (2003 , Lubik and Schorfheide (2005) and Saxegaard (2006b) . As far as we are aware, this paper represents the first attempt at estimation of a DSGE model using Bayesian methods on data for a country in SSA other than South Africa.
The use of Bayesian inference has a number of benefits which are worth highlighting. Firstly, this approach allows us to incorporate prior empirical or theoretical knowledge about our parameters of interest. Thus, if it is known that a parameter, such as the discount rate, must lie between zero and one, it seems that this information would be a useful addition to our estimation procedure. More generally, the incorporation of prior information allows us to formalize the use of information about parameters from prior studies.
It should be noted, however, that the impact of prior information on the estimation procedure is one of the main criticisms of Bayesian methods. However, Fernández-Villaverde and RubioRamírez (2004) show that asymptotically the parameter point estimates converge to their true values and thus that the importance of the prior disappears as the sample grows. In small samples such as ours, the same authors provide compelling evidence for the strong performance of Bayesian methods.
Secondly, Bayesian inference provides a natural framework for parameterizing and evaluating simple macroeconomic models, such as ours, which are likely to be fundamentally misspecified.
As pointed out by Fernández-Villaverde and Rubio-Ramírez (2004) and Schorfheide (2000) , the inference problem is not to determine whether the model is 'true' or the 'true' value of a particular parameter, but rather to determine which set of parameter values maximize the ability of the model to summarize the features of the data.
Finally, Bayesian methods provide a simple framework for comparing and choosing between different misspecified models that may not be nested, on the basis of the probability that the model assigns to having observed the data (the marginal likelihood of the data, given the model). Geweke (1998) shows that this is directly related to the predictive performance of the model and is thus a natural benchmark for assessing the usefulness of economic models for policy analysis and forecasting.
A. Structure of the Model
The model is based on the open-economy DSGE model outlined in Kollmann (2002) and Saxegaard (2006a) . The augmented model features an explicit treatment of the conduct of monetary policy in SSA as in Adam and O'Connell (2005) by assuming that the monetary authority affects the money supply through the sale of foreign exchange and bond transactions; though the bonds are bought by the banking sector instead of consumers as in Agénor and Montiel (2007) and Peiris (2002) . The model incorporates credit frictions by assuming that firms have to borrow at a premium over deposit rates to finance part of the inputs in the production process as in Atta-Mensah and Dib (2003) . The premium, in turn, is inversely related to the ratio of firms' assets (the value of their beginning-of-period physical capital stock times the price of the domestic good) over their liabilities, which consist of beginning-of-period borrowing as in Agénor and Montiel (2007) . Learning by doing is incorporated as in Pratti and Tressel (2006) by assuming that productivity is a function of the size of the tradable sector and public investment expenditure.
The basic structure of the model consists of perfectly competitive firms that produce a final nontradable good which is consumed by a representative household and the fiscal authorities, in addition to being used for investment. The inputs used in the production of the final good are either produced domestically or imported by monopolistically competitive intermediate goods firms. 7 The domestically produced goods, which are produced using capital, labor and borrowing from a financial intermediary as inputs, are sold either in the domestic market or exported overseas. For simplicity we assume that the capital account is closed. The markets for capital, labor, and commercial bank loans are competitive. The model is completed with a description of the fiscal and monetary authorities.
In order to provide a rationale for monetary and fiscal stabilization policy, four sources of inefficiency are included in the model: (a) monopolistically competitive product markets; (b) sluggish price adjustment in the domestic economy using the specification of Rotemberg (1982) ; (c) capital adjustment costs and investment adjustment costs using the specification of Christiano et al. (2005) ; and (d) adjustment costs in commercial bank reserves and an interest rate spread which depends on the net worth of companies as described above. This framework captures many of the rigidities which previous studies have found are important to describe the dynamics in the data and serves as a useful starting point for developing a DSGE model for Mozambique.
B. Household Behavior
The objective of the consumer is to maximize the expected value of the discounted sum of period utility functions:
where t C is consumption, t L is labor supply,
M P is the real value of the consumers'
holdings of domestic currency, and t P is the consumer price index.
is the consumer subjective discount factor. Note that we assume habit formation in consumption. We assume that the capital account is closed. The consumer budget constraint is therefore given by: ( )
whereδ is the rate of depreciation and t Ψ is an adjustment cost function that is a function of the ratio of investment to capital:
where 1 2 , 0 φ φ ≥ and I t u is a shock to the depreciation rate as originally proposed by Ambler and Paquet (1994) as a method to account for the low correlation between labor productivity and hours observed in the data.
The consumer's problem can thus be written as: 
where t λ and t ω are lagrange multipliers.
The relevant first-order conditions for consumption, labor, money and deposits are:
The first-order conditions for capital and investment are, respectively:
( )
where:
C. Final Goods Production
Final good producers produce a good t Z by aggregating over a continuum of domestically and 
for some elasticity of substitution 1 ϑ f . 
Profit maximization implies the standard demand functions for intermediate goods:
with an associated cost-minimizing price index.
D. Intermediate Goods Production
Following Pratti and Tressel (2006) Dib (2003), we assume that firms borrow to pay for intermediate goods inputs as opposed to wages or capital because it is equivalent to using the loan as a variable in the production function and it generates more dynamics in the model.
The production technology is Cobb-Douglas:
where t θ represents productivity that we assume is affected by both the size of the tradable sector and the amount of government expenditure on capital goods:
where we allow productivity to follow a stochastic autoregressive process and where The problem facing the firm is to minimize costs subject to satisfying demand:
where we assume for the moment that the firm takes prices as given. The first-order condition for , 
Nominal marginal costs can be written as the ratio of the nominal wage to the marginal product of labor:
We assume that each domestic firm sells it output both on the domestic and export market so that
For simplicity, we assume that the demand for export goods has the same structure as domestic demand:
where * t P is the world price index which is considered to be exogenous.
E. Price-Setting by Intermediate Goods Producers
Intermediate goods producers' faces quadratic adjustment costs in setting prices measured in terms of the intermediate good and given by:
Hence, we assume that the cost of price adjustment is related to the change in inflation relative to the past observed inflation rate. Juillard et al. (2004) argues that this allows for more realistic inflation dynamics in the model with a backward-looking term in the solved out Phillips curve.
The optimal price-setting equation for the nontradable price can then be written as:
which reduces to the well-known results that prices are set as a markup over marginal cost if prices are flexible. For simplicity, we assume that the law of one price holds in the export market so that / x d t t t P P e = . Importing firms are assumed to be owned by risk-neutral foreigners who purchase goods at the exogenous world price and re-sell them in the domestic market. For simplicity, we assume that changes in the exchange rate are passed through immediately to the import price so that 
F. Financial Intermediary
The financial sector is assumed to convert deposits from households into loans to intermediate goods firms and the public sector and bank reserves similar to Agénor and Montiel (2007) :
Thus, for a given level of bank reserves, an increase in the amount of deposits at the financial intermediary reduces the amount of money in circulation and thus the utility from liquidity services.
Deposits are assumed to earn the same rate of interest as the interest on government bonds. Lending to intermediate good firms earns an interest which is a markup over the interest rate on deposits where the markup is a function g(.) of firms' beginning of period net worth (the value of their capital stock over their liabilities) as in Agénor, and Montiel (2007) :
u is a mean zero shock to the lending rate. Commercial banks are assumed to maintain reserves equal to required reserves in steady-state and to use reserves to smooth movements in their net liabilities:
G. The Public Sector
The central bank's balance sheet is:
where t e is the nominal exchange rate, t Z are international reserves and 1 t B + are government securities held by the central bank maturing next period. We assume for simplicity that no interest is earned on international reserves. Under the assumption that profits of the central bank are transferred to the fiscal agent, the public sector's budget constraint takes the form: interest payments on bonds issued to the financial sector transmits into volatility in the path of expected future seigniorage, specifically currency in circulation.
H. Fiscal and Monetary Policy Rules
In our model the fiscal and monetary authorities have access to four different instruments of which three can be used independently. The fiscal agent controls government spending, taxation and net domestic borrowing, whereas the monetary authority controls the level of international reserves.
Following Adam and O'Connell (2005) , we can analyze fiscal policy rules of the form: where ω and ι determine the fraction of aid used to reduce taxes and increase expenditure and thus increase the primary fiscal deficit (before grants). Aω less than one unambiguously lowers the primary deficit after grants. If ω equals zero, the primary deficit after grants falls by the amount of aid. If ω is between zero and one so that part of the aid is spent, ι determines the allocation of that spending between the private and the public sector. If ι equals zero the increased spending is carried out by the government whereas if ι is one the increased spending is done by the private sector. We assume the fiscal regime remains unchanged and foreign aid, which is very large in many SSA countries (IMF 2005a), is fully spent, unless otherwise stated.
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The effect of a shock to aid on international reserves and the monetary base will depend on the actions of the central bank. We follow Adam and O'Connell (2005) and Peiris (2002) in our specification of the policy rules for the central bank. Foreign exchange rate intervention is governed by:
where 1 z governs the authorities commitment to a constant level of reserves and 2 z determines the commitment to an absorb as you spend scenario whereby the sale of foreign exchange is conducted in line with government spending increases financed by the aid inflows. 3 z governs the commitment to a crawling peg where the crawl is determined by the steady-state inflation differential (π -π*) between at home and the rest of the world. Finally, 4 z determines the extent to which the sale of foreign exchange reserves are used to achieve a given target of the inflation rate π . u is a shock to domestic bonds.
I. Market Clearing and Aggregation
In general equilibrium, supply equals demand in the intermediate and final goods market at posted prices:
The model can alternatively be closed using the balance of payments identity:
t x x m m t t t t t t t t
e Z e A e P Q P Q Δ = + − (0.37)
J. Stochastic Shocks
A number of stochastic shocks are included in the model in order to ensure that the model is not stochastically singular and in order to be better able to reproduce the dynamics in the data. In particular, the number of exogenous shocks must be at least as large as the number of observed variables in order to estimate the model using classical Maximum Likelihood or Bayesian methods. Our model includes 14 structural shocks: two preferences shocks to the marginal utility of consumption and labor ( ) u u . With the exception of the shock to the markup, which is assumed to be a white noise process, all shocks are assumed to follow a first-order process.
III. EMPIRICAL FINDINGS
The model described above was estimated on quarterly data for Mozambique covering the period 1996Q1 to 2005Q4 on 18 key macroeconomic variables: GDP, consumption, exports, imports, the real exchange rate, inflation, export price inflation, import price inflation, M2, currency in circulation, deposit rates, lending rates, foreign currency reserves, government bonds, commercial bank reserves, aid, government spending, and lending to the private sector. This vastly exceeds the number of observed variables included in recent papers that use Bayesian techniques to estimate DSGE models, such as Juillard et al (2004) and Saxegaard (2006b) . The remaining endogenous variables in the model are assumed to be unobserved.
Prior to estimation, the macroeconomic variables were transformed into real per capita measures. Following the approach in Juillard et al. (2004) we remove a time trend in the data on the key macro variables using the Hodrick-Prescott filter. In addition, we remove seasonal effects in the series where these are evident using the X12arima filter and transform all variables to mean zero variables.
Following Juillard et al. (2004) and Saxegaard (2006b) , our estimation strategy involves fixing the parameters that determine the steady-state of the model, based either on findings from previous studies, notably Tarp et al. (2002) , or in order to replicate features in the data, and then estimating the parameters that determine the dynamic properties of the model. The calibrated parameters values and calibrated steady-state ratios are summarized in Appendix 1.
As mentioned previously, estimation of the model by Bayesian methods allows the incorporation of prior empirical or theoretical knowledge through the specification of a prior distribution for the parameters to be estimated. Our choice of prior distributions is guided both by theoretical restrictions imposed on some of the parameters as well as empirical evidence. In instances where the literature and theory provide little or no guidance, diffuse priors are chosen. The choice of priors together with the resulting parameter estimates (posterior distribution) is summarized in Appendix 2 and 3, which provides a visual representation of this information by plotting the prior and posterior distribution together with the posterior mode. 9 These plots allow us to make some statements about the relative importance of the prior and the data in the construction of the posterior distribution. In other words, the plots allow us to judge whether or not the data is informative about our parameters. Overall, the Bayesian estimation methodology yields plausible parameter estimates for the model, which are broadly in line with the results from previous studies. A comparison of the one-step ahead forecasts with the actual data (Appendix 4) reveals that the model is able to replicate fairly well the movements in the data.
IV. MONETARY POLICY RULES IN A SHOCK-PRONE ECONOMY
The discussion in the previous section suggests that the model appears to be able to deliver reasonable parameter estimates when estimated using Bayesian estimation techniques. In this section, we explore the impact of alternative shocks under three alternative monetary policy rules. First, we analyze the effect of a persistent (autocorrelation coefficient of 0.8) shock to technology before turning our attention to analyze the effect of a similarly persistent aid shock which raises aid by 2 percent of steady-state GDP. With the exception of the policy rules and the assumption that all aid is spent by the government, the parameterization of the model is that resulting from the estimation results discussed above. The response of the system is analyzed under the assumption that the authorities aim to stabilize either CPI inflation ( 2 4 10 b z = = ), nontradable inflation (same but with nontradable inflation), or the rate of depreciation (equal to the long-run inflation differential between Mozambique and the rest of the world) of the nominal exchange rate ( 3 10 z = ). Figure 1 show the impulse responses associated with an unanticipated shock to technology. Not surprisingly, the impulse response functions resemble those reported in Saxegaard (2006a) although differences do exist due mainly to the assumption of a closed capital account and flexible import and export prices. In particular, under all policy rules output rises in response to the improvement in production technology. As is standard in new-Keynesian models (see Galí, 1999) , labor falls as a result of the interaction between sticky prices and technological change. Technological change induces a decline in marginal costs across all firms. However, due to the assumption of price adjustment costs, firms do not fully adjust prices. Hence, although the aggregate price level will fall, aggregate demand will increase less than proportionally to the increase in productivity and thus firms will react by reducing employment.
The extent to which employment falls will depend on the response of monetary policy. Clearly, the fact that aggregate demand does not rise proportionally to the increase in productivity means that there will be downward pressure on nontradable prices. As a result, under nontradable (PID) inflation targeting, the government increases the supply of base money with the result that interest rates fall. This is less true in the case of CPI inflation targeting due to the effect of imported inflation. It is even less true under exchange rate targeting where the interest rate only falls due to nominal rigidities.
The differences in the response of monetary policy translates directly into the behavior of inflation, which increases under PID inflation targeting due to the expansionary monetary policy but falls under exchange rate targeting as monetary policy does not offset the effect of declining marginal cost on firm behavior. This in turn implies that the improvement in competitiveness arising from the technology shock occurs through a decline in prices under exchange rate targeting and through nominal exchange rate depreciation under PID and CPI inflation targeting. Due to the importance of aid shocks in low-income countries we also analyze the impulse responses following an unanticipated shock to aid. The response of the economy to an unanticipated aid shock under different assumptions about foreign exchange sales (absorption) and bond sales (sterilization) has been analyzed extensively in Clément and Peiris (2007) . The aid, which is fully spent by the government, leads to an increase in the demand for nontradable goods as well as imports. As a result of the former there is an increase in labor as well as GDP, whilst the increased demand for imports leads to a deterioration in the trade balance.
Under both CPI and nontradable inflation targeting, the authorities react to the increasing pressure on prices by contracting base money with the result that interest rates rise sharply. This is less true under exchange rate targeting where the authorities contract base money only to the extent necessary to counter the pressure on the exchange rate caused by the deterioration the trade balance. As a result, inflation volatility is higher under exchange rate targeting than under inflation targeting. Interestingly, this also translates into higher real exchange rate volatility when the monetary authorities stabilize the path of the nominal exchange rate. It is worth pointing out the fact that under inflation targeting-where part of the increase in base money is sterilized-interest rates remain high due to the persistent increase in the stock of government bonds. The persistent increase in inflation under inflation targeting reflects an increase in marginal costs reflecting the higher interest rates associated with sterilization.
We now proceed to an overall evaluation of the three monetary policy regimes. In particular, we investigate whether stabilizing inflation or the nominal exchange rate might provide a better recipe for macroeconomic policy in a shock-prone economy where the economy is subject to a wider array of shocks, in terms of macroeconomic volatility and traditional welfare based measures.
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10 It is well known (see inter alia Schmitt-Grohe and Uribe (2004) and Saxegaard (2006b) ) that up to a firstorder approximation, monetary policy is neutral in the sense that the policy rules we consider imply the same (nonstochastic) steady-state for the economy. We therefore follow the literature in evaluating welfare using a second-order approximation to the model where the expected variability of the economy will have an effect on welfare. Table 1 , shows standard deviations of key macroeconomic variables for CPI inflation targeting, nontradable inflation targeting and the crawling exchange rate peg. Contrary to the discussion above, we use the estimated value for the share of aid that is spent and the distribution of this expenditure between the public and the private sector, as well as the estimated persistence and standard deviations of the structural shocks.
The results confirm the well-known result that because of higher interest rate volatility the exchange rate peg is significantly less successful than inflation targeting at stabilizing the real economy, although the differences are relatively small. 11 Not surprisingly, the exchange rate peg also implies significantly higher CPI inflation volatility which, despite of lower nominal exchange rate volatility, leads to higher real exchange rate volatility.
With the exception of the difference in CPI inflation volatility, the two inflation targeting rules perform relatively similarly in terms of macroeconomic volatility, a fact that may be related to the openness of the economy. In terms of overall welfare, there is some evidence that CPI inflation targeting outperforms nontradable inflation targeting, although the differences are small relative to the differences between inflation and exchange rate targeting.
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V. CONCLUSIONS
A key contribution of this paper has been to consider the best response, in terms of minimizing macroeconomic volatility and traditional welfare based measures, of alternative monetary policy rules in response to aid and numerous other exogenous shocks in an 11 It should be noted, however, that the costs of interest rate volatility on the real economy may be lower in low income countries compared to more developed economies due to a weak interest rate channel. 12 The similarity between CPI and nontradable inflation targeting is consistent with findings in Kollmann (2002) and Saxegaard (2006b 
